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AMMRC 

Dour ie-layer  nickel  deposits  were  compared  with  single-layer  deposits  (with 
chromium  flash  topcoats)  for  corrosion  protection  provided  to  steel  exposed  at 
several  tropical  environments.  The  double-layer  nickel  plated  steel  was  consider¬ 
ably  more  corrosion  lesistant  than  single-layer  nickel  at  tropical  marine  and  open 
field  exposures.  There  was  no  apparent  benefit  to  the  double  layer  at  rain  forest 
exposure,  however. 

40|Jm  (1.  6  mil)  total  thickness  of  double-layer  nickel  was  virtually  completely 
protective  to  steel  at  the  open  field  and  rain  forest  sites  over  35  months  exposure 
whereas  2tyim  thickness  was  not.  At  the  coastal  marine  site,  the  40pn  double-layer 
coated  specimens  had  only  slight  basis  metal  attack  after  35  months' exposure. 

Elimination  of  the  chromium  flash  topcoat  on  40  pm  nickel  deposits  in  some 
instances,  appeared  to  improve  resistance  to  basis  metal  attack  but  greatly  reduced 
the  surface  tarnish  resistance. 

A  semi-bright  nickel  electrodeposit  with  an  electroless  nickel  topcoat  was 
superior  in  corrosion  protection  to  the  conventional  double -layer  nickel  electro¬ 
deposits  of  the  same  total  thickness.  However,  the  electroless  nickel  deposits 
tarnished  badly  at  the  tropical  exposures.  v. 
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ABSTRACT 


Double-layer  nickel  deposits  were  compared  with  single-layer 
deposits  (with  chromium  flash  topcoats)  for  corrosion  protection  pro¬ 
vided  to  steel  exposed  at  several  tropical  environments.  The  double- 
luyer  nickel  plated  steel  was  considerably  more  corrosion  resistant 
than  single-layer  nickel  at  tropical  marine  and  open  field  exposures. 
There  was  no  apparent  benefit  to  the  double  layer  at  rain  forest  expo¬ 
sure,  however. 

A  40  pm  (1.  6  mil)  total  thickness  of  double-layer  nickel  was  vir¬ 
tually  completely  protective  to  steel  at  the  open  field  and  rain  forest 
sites  over  35  months*  exposure,  whereas  20  pm  thickness  was  not.  At 
the  coastal  marine  site,  the  40  pm  double-layer  coated  specimens  had 
only  slight  basis  metal  attack  after  35  months'  exposure. 

Elimination  of  the  chromium  flash  topcoat  on  40  pm  nickel  deposits 
in  some  instances  appeared  to  improve  resistance  to  basis  metal  attack 
but  greatly  reduced  the  surface  tarnish  resistance. 

A  semi-bright  nickel  electrodeposit  with  an  electroless  nickel 
topcoat  was  superior  in  corrosion  protection  to  the  conventional  double¬ 
layer  nickel  electrodeposits  of  the  same  total  thickness.  However,  the 
electroless  nickel  deposits  tarnished  badly  at  the  tropical  exposures. 


Corrosion  of  Nickel  Plated  Steel 
at  Tropical  Environments 

F.  PEARLSTE1N  and  L.  TE1TELL,  Frankford  Arsenal,  Philadelphia,  Pa. 


/VRMY  equipment  is  required  to  function  effectively  in  a 
wide  variety  of  environments;  therefore,  it  is  necessary  to 
provide  adequate  protection  against  corrosion  of  the 
various  components.  Protection  of  steel  components  in 
tropical  environments  has  been  particularly  important  in 
view  of  military  activities  in  tropic  and  semi-tropic  regions. 
This  study  evaluated  the  effectiveness  of  single  and  double¬ 
layer  nickel1 ,3  deposits  for  providing  corrosion  protection 
to  steel  exposed  to  tropical  environments. 

Procedure 

AISI  1010  steel  panels  were  plated  with  several 
thicknesses  of  levelling,  semibright,  sulfur  free  nickel  and 
the  same  total  thickness  of  double-layer  nickel.  The  bright 
nickel  deposit  thickness  consisted  of  approximately  25%  of 
the  total.  A  conventional  100:1  ratio  chromic  acid-sulfate 
solution  was  used  to  apply  .5  pm  (0.02  mil)  thickness  of 
chromium  topcoat  upon  the  nickel.  One  group  of  speci¬ 
mens  with  15  pm  (0.6  mil)  semibright  nickel  was  coated 
further  with  5  pm  (0.2  mil)  electroless  nickel*1  *  deposit. 

Several  exposure  sites  in  the  Fort  Sherman  area  of  the 
Panama  Canal  Zone  were  selected  for  conducting  the 
corrosion  tests.  One  site  was  on  a  breakwater  extending 
into  the  Caribbean  where  considerable  sea  spray  was 
produced  from  waves  breaking  on  the  rocks.  An  open  field 
site  was  available  approximately  600  meters  from  the  sea  at 
the  nearest  point  and  1250  meters  away  in  the  direction  of 
prevailing  winds.  The  third  exposure  site  was  located  under 
the  canopy  in  the  tropical  rain  forest  of  Fort  Sherman. 

Results  and  Discuamon 

Results  of  exposure  tests  (Tables  la  and  lb)  indicated 
that  double-layer  nickel  deposits  are  superior  to  single  layer 

^CompoWriei;  3S  |/>  nk  «»■  suifsu  •  *HjO;  4  g/1  mttmm  Ut 
rst»  •  2HjOi  3.S  |/1  sodium  acetate;  IS  s/1  sodium  hypo- 
phoapMte  •  HgO;  and  0.002  s/1  mercaptobensotMasole  (added 
from  solution  10  s/1  MBT  far  0.2N  NaOH).  Temperature,  90  C 
(194  F).  Initial  pH,  S.0. 


nickel  (all  with  chromium  topcoat)  for  protection  of  steel 
exposed  at  the  tropical  marine  site.  However,  40  pm  (1.6 
mils)  total  thickness  is  necessary  to  provide  effective 
protection  for  as  little  as  nine  months’  exposure;  20  pm 
deposits  are  not  adequate.  After  35  months’  marine 
exposure,  only  the  40  pm  double-layer  deposits  were 
protective  against  severe  basis  metal  attack.  These  panels 
(Figure  1)  had  a  number  of  small  areas  (1  to  2  mm  ! 
diameter)  of  very  light  rust  but  little  attack  of  the  basis 
metal  was  evident.  Similar  results  were  obtained  with  the 
40  pm  double-layer  nickel  deposits  without  chromium 
topcoat  except  that  there  was  even  less  evidence  of  basis  i 
metal  attack. 

Double-layer  nickel  deposits  were  clearly  superior 
(Figure  2)  to  single  layer  nickel  in  providing  corrosion 
protection  to  steel  exposed  at  the  open  field  site.  However, 
double-layer  deposits  of  20  pm  (0.8  mil)  thickness  or  less 
were  not  completely  protective  after  35  months.  The  40 
pm  double-layer  was  protective  and  of  generally  excellent  J 
appearance,  though  a  number  of  shallow  pits  were  visible 
which  apparently  extended  only  to  the  semibright  nickel  j 


TABLE  la  -  Corrosion  of  Flared  Slaal 
at  Thrau  Tropical  Exposure  Sites 
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TABLE  1b -BaAMptNCorrodon  Rating1 1  ( Avorr*e  of  Four  Repliealw) 
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layer;  virtually  no  signs  of  basis  metal  attack  were  observed. 
Omitting  the  chromium  topcoat  resulted  in  even  more 
complete  protection  of  the  basis  metal,  but  the  surface  was 
quite  dull  in  appearance  with  extensive  fine  pitting  present. 
The  rain  forest  was  the  least  corrosive  of  the  tropical 
environments  to  the  nickel  plated  steel  panels.  However, 
even  here,  20  pm  (0.8  mil)  nickel  deposits  were  not 
completely  protective  over  the  35-month  exposure  period, 
but  40  pm  deposits  were.  There  was  no  evidence  of 
superiority  of  the  double-layer  over  single  layer  nickel;  in 
fact,  slight  inferiority  was  indicated.  Omitting  the 
chromium  topcoat  from  the  40  pm  deposits  had  little  effect 
on  basis  metal  protection,  but  the  surface  appearance  was 
detrimentally  affected  by  a  tarnish  film  and  fine  surface 
pitting. 


Considerably  more  protection  was  furnished  to  the 
steel  basis  metal  by  the  20  pm  (0.8  mil)  double-layer 
deposit,  consisting  of  1 5  pm  of  semibright  nickel  beneath  S 
p m  of  electroless  nickel,  compared  to  any  of  the  other  20 
ft m  thick  deposits  The  20  ft m  double-layer  deposit,  with 
the  electroless  nickel  layer,  gave  approximately  the  same 
protection  to  the  basis  metal  as  the  conventional  double¬ 
layer  deposits  with  twice  the  thickness,  i.e.,  40  fan. 
However,  at  all  the  test  sites,  the  electroless  top  layer  was 
tarnished  badly  and  at  the  rain  forest  site  was  discolored 
with  black  blotches.  Further  studies  are  presently  being 
conducted  on  double-layer  coatings  comprised  of  one  or 
more  electroless  plated  layers. 

In  a  few  instances,  the  ratings  for  basis  metal  corrosion 
were  higher  at  the  termination  of  this  test  (after  35  months’ 


Total  Nickel 
10  fan  10.4  mil) 


Total  Nickel 
20  pm  (0.8  mil) 


Total  Nickel 
40pm(1.6mil) 


Total  Nickel 
10  pm  (0.4  mil) 


Total  Nickel 
20  pm  (0.8  mil) 


Total  Nickel 
40  pm  (1.6  mil) 


FifM*  1  -  Wefcel  plated  Meal  panels  (AS  pen  chromium  topcoat)  Figure  2  -  Ntekal  plated  Meet  panel*  1 03  pm  chromium  topcoat) 

after  3S  oerdf  exposure  to  troplooi  marine  environment.  A—  after  38  months  etepoouro  to  tropica  open  field  environment. 

Wwgpdayar  idefcel.  8  Double  layer  dekd.  ^  A  glnpe  layer  nickel.  8- Double  layer  ntekel. 


.  1971 


SI 


exposure)  than  at  earlier  periods.  The  panels  were  cleaned 
only  at  the  termination  of  the  test,  so  adherent  debris  or 
microbial  growths  present  on  the  panels  at  the  time  of  the 
irterim  Held  inspections  may  have  prevented  the  differen¬ 
tiation  of  basis  metal  corrosion  from  corrosion  of  only  the 
protective  metal  coating. 

Coochumn 

Double-layer  iJckel  deposits  were  considerably  more 
protective  to  steel  then  single  layer  deposits  at  the  tropical 
marine  and  open  field  sites  but  provided  no  advantage  at 
the  rain  forest  environment. 

Conventional  double-layer  nickel  deposits  of  40  Jim 
(1.6  mil)  thickness  were  virtually  completely  protective  to 
steel  after  35  months’  exposure  at  tropical  open  field  or 
rain  forest  sites,  while  the  20  jim  deposits  were  not.  There 
was  only  slight  basis  metal  corrosion  of  40  Jim  double-layer 
nickel  coated  steel  after  this  period  of  exposure  to  tropical 
marine  environment. 

The  surface  appearance  was  quite  detrimentally  affect¬ 
ed  by  omission  of  the  chromium  topcoat,  but  in  some 
instances,  the  basis  metal  protection  was  somewhat  im¬ 
proved. 

A  semibright  nickel  deposit  of  15  Jim  (0.6  mil)  plus  an 
electroless  nickel  topcoat  of  5  ji m  (0.2  mil)  thickness  was 
considerably  more  protective  than  the  conventional 
double-litter  deposits  of  the  same  total  thickness.  However, 
the  electroless  nickel  surface  was  badly  darkened  by 
environmental  exposure,  particularly  at  the  rain  forest  site. 
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